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Abstract

This paper introduces a two−factor model of leading and coincident economic indicators. The
common leading factor is assumed to Granger−cause the common coincident factor. This
property is used to estimate the two common factors simultaneously and hence more
efficiently. Two models of the latent leading and coincident factors are studied: a model with
linear dynamics and a model with Markov−switching dynamics introduced through the
leading factor intercept term. The first model encompasses the comovements between the
individual time series. The second model, moreover, takes care of possible asymmetries
between the business cycle regimes.

Citation: Kholodilin, Konstantin, (2001) "Latent Leading and Coincident Factors Model with Markov−Switching Dynamics."
Economics Bulletin, Vol. 3, No. 7 pp. 1−13
Submitted: June 25, 2001.  Accepted: July 17, 2001.
URL: http://www.economicsbulletin.com/2001/volume3/EB−01C50001A.pdf

http://www.economicsbulletin.com/2001/volume3/EB-01C50001A.pdf


4 Lqwurgxfwlrq

Lq wkh prghuq pdfurhfrqrplf olwhudwxuh pdq| h�ruwv duh ghyrwhg wr lghqwl0
i|lqj d k|srwkhwlfdo frlqflghqw hfrqrplf lqglfdwru zklfk uhsuhvhqwv d jhqhudo
hfrqrplf dfwlylw| dqg doorzv wr wudfh wkh hyroxwlrq ri wkh exvlqhvv f|foh1 Lw lv
ghvljqhg wr vhuyh dv d uhihuhqfh wlph vhulhv wr mxgjh derxw wkh vwdwh ri wkh d�dluv
lq wkh hfrqrp|1 Wkh prvw surplqhqw h{dpsohv ri wkh rqh0idfwru prghov zlwk wkh
olqhdu g|qdplfv lv Vwrfn dqg Zdwvrq +4<;;,/ zkloh zlwk wkh Pdunry0vzlwfklqj
g|qdplfv wkhvh duh Fkdxyhw +4<<;,/ Nlp dqg \rr +4<<8,1

Zlwk uhvshfw wr wklv frpprq frlqflghqw lqglfdwru rqh fdq wkhq gh�qh wkh
ohdglqj dqg odjjlqj pdfurhfrqrplf yduldeohv1 Wkh iruphu ri wkhvh vhulhv duh
hvshfldoo| lpsruwdqw vlqfh wkh| shuplw wr suhglfw wkh fkdqjhv lq wkh vwdwh ri wkh
hfrqrp| ehiruh wkh| kdyh rffxuuhg1

Qrupdoo|/ krzhyhu/ wkh ohdglqj vhulhv duh qrw djjuhjdwhg lqwr d frpprq
ohdglqj idfwru1 Wkh hyroxwlrq ri wkh frpprq frlqflghqw idfwru lv frqglwlrqhg rq
hdfk ri wkhp lqglylgxdoo|/ hlwkhu gluhfwo| wkurxjk d YDU v|vwhp ri wkh frpprq
frlqflghqw idfwru dqg lqglylgxdo ohdglqj revhuyhg wlph vhulhv dv lq Vwrfn dqg
Zdwvrq +4<;;,/ Fkdxyhw dqg Srwwhu +5333, ru yld wkh wlph0ydu|lqj wudqvlwlrq
suredelolwlhv zklfk ghshqg rq wkh lqglylgxdo ohdglqj yduldeohv dv lq Nlp dqg
\rr +4<<8,1

Wklv sdshu lqwurgxfhv d wzr0idfwru prgho zkhuh rqh ri wkh odwhqw idfwruv lv
srvwxodwhg dv d frpprq ohdglqj lqglfdwru/ zkloh wkh vhfrqg idfwru lv wdnhq wr eh
wkh frpprq frlqflghqw lqglfdwru1 Wkhuh dvvxphg wr h{lvw d rqh0zd| Judqjhu
fdxvdolw| frplqj iurp wkh iruphu frpprq idfwru wr wkh odwwhu rqh1 Wkh frpprq
ohdglqj dqg frlqflghqw idfwruv duh hvwlpdwhg iurp d vhw ri wkh revhuyhg wlph
vhulhv zklfk lv vsolw lqwr d vxevhw ri ohdglqj dqg d vxevhw ri frlqflghqw yduldeohv1

Iluvw/ zh frqvlghu d olqhdu prgho zlwk ohdglqj dqg frlqflghqw idfwru iroorzlqj
dq DU surfhvv1 Qh{w/ zh dgg d uhjlph0vzlwfklqj g|qdplfv wr wdnh fduh ri wkh
srvvleoh dv|pphwulhv ehwzhhq wkh uhfhvvlrq dqg h{sdqvlrq skdvhv ri wkh exvlqhvv
f|foh fdswxuhg e| erwk frpprq odwhqw idfwruv1

Wkh olqhdu vshfl�fdwlrq ri wkh wzr0idfwru prgho lv suhvhqwhg lq wkh vhfwlrq
wzr/ zkloh vhfwlrq wkuhh frqwdlqv d ghvfulswlrq ri wkh prgho zlwk qrqolqhdu
g|qdplfv1 Lq wkh vhfwlrq irxu zh dsso| rxu prghov wr wkh duwl�fldo gdwd lq rughu
wr vhh krz zhoo wkhvh prghov uh hfw wkh wuxh gdwd0jhqhudwlqj surfhvv1 Vhfwlrq
�yh frqfoxghv wkh sdshu1 Doo wkh wdeohv dqg judskv duh sxw lqwr wkh Dsshqgl{
iroorzlqj wkh olvw ri uhihuhqfhv1

5 Olqhdu prgho

Zh frqvlghu d vhw ri wkh revhuyhg wlph vhulhv/ vrph ri zklfk pd| eh gh�qhg dv
ohdglqj zkloh wkh uhvw ri wkhp duh wuhdwhg dv wkh frlqflghqw vhulhv1 Wkh frpprq
g|qdplfv ri wkh wlph vhulhv ehorqjlqj wr hdfk ri wkhvh jurxsv duh xqghuolqhg
e| d frpprq idfwru= ohdglqj fruuhvsrqglqj wr wkh �uvw jurxs dqg frlqflghqw
fruuhvsrqglqj wr wkh vhfrqg jurxs1 Wkh lglrv|qfudwlf g|qdplfv ri hdfk wlph
vhulhv lq sduwlfxodu duh fdswxuhg e| rqh vshfl�f idfwru shu hdfk revhuyhg wlph
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vhulhv1 Wkhuhiruh wkh prgho fdq eh zulwwhq dv iroorzv=

�|w @ ��iw . xw +4,

zkhuh �|w @ +�|Ow m �|Fw,
3 lv wkh q � 4 yhfwru ri wkh revhuyhg wlph vhulhv

lq wkh �uvw gl�huhqfhv> �iw @ +�iOw m �iFw,
3 lv wkh 5 � 4 yhfwru ri wkh odwhqw

frpprq idfwruv lq wkh �uvw gl�huhqfhv> xw @ +xOw m xFw,
3 lv wkh q � 4 yhfwru

ri wkh odwhqw vshfl�f idfwruv> � lv wkh q � 5 idfwru ordglqjv pdwul{ olqnlqj wkh
revhuyhg vhulhv zlwk wkh frpprq idfwruv1

Wkh g|qdplfv ri wkh odwhqw frpprq idfwruv fdq eh ghvfulehg lq whupv ri d
YDU prgho=

�iw @ �.�+O,�iw�4 . %w +5,

zkhuh � lv wkh 5�4 yhfwru ri wkh frqvwdqw lqwhufhswv> �+O, lv wkh vhtxhqfh ri
s +s @ pd{isO> sFj> zkhuh sO lv wkh rughu ri wkh DU sro|qrpldo ri wkh ohdglqj
idfwru/ dqg sF lv wkh rughu ri wkh DU sro|qrpldo ri wkh frlqflghqw idfwru, 5� 5
odj sro|qrpldo pdwulfhv> %w lv wkh 5 � 4 yhfwru ri wkh vhuldoo| dqg pxwxdoo|
xqfruuhodwhg frpprq idfwru glvwxuedqfhv=

%w � QLG

��
3
3

�
/
�

�5O 3
3 �5F

��

Zh dvvxph wkdw wkh ohdglqj idfwru Judqjhu0fdxvhv wkh frlqflghqw idfwru exw
qrw ylfh yhuvd1 Wklv dvvxpswlrq phdqv wkdw wkh pdwulfhv �l +l @ 4> ===> s, duh
gldjrqdo ru orzhu gldjrqdo iru doo l1 Iru vlpsolflw| zh vxssrvh wkdw wkh fdxvdolw|
iurp wkh ohdglqj wr wkh frlqflghqw idfwru lv wudqvplwwhg rqo| dw rqh odj/ vd| � 1
Wkxv/ li l 9@ �>

�l @

�
!O>l 3
3 !F>l

�

dqg li l @ �>

�l @

�
!O>l 3
!FO>l !F>l

�

Wkh lglrv|qfudwlf idfwruv duh e| gh�qlwlrq pxwxdoo| lqghshqghqw dqg duh
prghoohg dv wkh DU surfhvvhv=

xw @ �+O,xw�4 . �w +6,

zkhuh �+O, lv wkh vhtxhqfh ri t +t @ pd{it4>===> tqj> zkhuh tl lv wkh rughu
ri wkh DU sro|qrpldo ri wkh l � wk lglrv|qfudwlf idfwru, q � q gldjrqdo odj
sro|qrpldo pdwulfhv dqg �w lv wkh q � 4 yhfwru ri wkh pxwxdoo| dqg vhuldoo|
xqfruuhodwhg Jdxvvldq vkrfnv=

�w �

3
EC
3
EC

3
111
3

4
FD >

3
EC

�54 3
1 1 1

3 �5q

4
FD
4
FD

Wr hvwlpdwh wklv prgho zh h{suhvv lw lq d vwdwh0vsdfh irup=
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Phdvxuhphqw htxdwlrq=

�|w @ D�w +7,

Wudqvlwlrq htxdwlrq=

�w @ �.F�w�4 . yw +8,

zkhuh �w @ +iwmxw,3 lv wkh vwdwh yhfwru frqwdlqlqj vwdfnhg rq wrs ri hdfk
rwkhu yhfwru ri frpprq idfwruv dqg wkh yhfwru ri vshfl�f idfwruv> yw lv wkh
yhfwru ri wkh frpprq dqg lglrv|qfudwlf idfwruv* glvwxuedqfhv zlwk phdq }hur
dqg yduldqfh0fryduldqfh pdwul{ T> � lv wkh yhfwru ri lqwhufhswv1

D @

�
�O RqO�+u.sF, lt4 === 3

RqO�u �F 3 === ltq

�

zkhuh �O lv wkh qO� 4 yhfwru ri wkh ohdglqj idfwru ordglqjv> Rq�p lv q�p
pdwul{ ri }hurv> lp lv wkh �uvw urz ri wkh p � p lghqwlw| pdwul{/ dqg u @
pd{isO> �j1

F @

3
EEEEEC

�O 3
�FO �F

�4

1 1 1
3 �q

4
FFFFFD

zkhuh �O lv wkh u � u pdwul{=

�O @

�
!O r3u�sO
Lu�4 R+u�4,�+u�sO,

�

zkhuh !O lv wkh 4�sO urz yhfwru ri wkh DU frh!flhqwv ri wkh ohdglqj idfwru/
Lq lv wkh q� q lghqwlw| pdwul{/ dqg rp lv wkh p� 4 yhfwru ri }hurv1

�F @

�
!F 3

LsF�4 rsF�4

�

Wkh pdwulfhv �4> ===>�q kdyh wkh vdph vwuxfwxuh dv �F =

�FO @

�
r3u
!FO

�

zkhuh !FO lv wkh 4� u yhfwru ri }hurv zlwk !FO> � dw wkh � � wk srvlwlrq1
Wkh xqnqrzq sdudphwhuv dqg wkh odwhqw idfwruv pd| eh hvwlpdwhg xvlqj

Ndopdq �owhu uhfxuvlrqv1 Wr vdyh vsdfh zh zloo qrw suhvhqw wkhp khuh/ uhihuulqj
wkh uhdghu/ iru lqvwdqfh/ wr Kdplowrq +4<<7, zkr jlyhv yhu| fohdu dqg v|vwhpdwlf
h{sodqdwlrq ri wkh Ndopdq �owhu phwkrgrorj|1

6 Qrqolqhdu prgho

Lw zdv revhuyhg e| pdq| dxwkruv/ dprqj wkhp e| Glherog dqg Uxghexvfk
+4<<9, wkdw wkh prgho ri wkh exvlqhvv f|foh zrxog eh lqfrpsohwh li lw zrxog qrw
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wdnh lqwr dffrxqw erwk wkh frpryhphqw ri ydulrxv pdfurhfrqrplf yduldeohv dqg
wkh dv|pphwulhv ehwzhhq wkh skdvhv ri wkh f|foh1 Wkh olqhdu prgho suhvhqwhg lq
wkh suhylrxv vhfwlrq lqfrusrudwhv wkh skhqrphqrq ri wkh vlpxowdqhrxv fkdqjhv
lq wkh ohyhov ri gl�huhqw lqglylgxdo wlph vhulhv1 Krzhyhu/ lw odfnv d phfkdqlvp
zklfk zrxog uh hfw wkh txdolwdwlyho| gl�huhqw ehkdylru ri wkhvh vhulhv gxulqj
uhfhvvlrqv dqg h{sdqvlrqv1 Rqh ri wkh zd|v wr lqwurgxfh wklv phfkdqlvp lq rxu
prgho lv wr dgg wr lw wkh uhjlph0vzlwfklqj g|qdplfv1

Wkh Pdunry0vzlwfklqj g|qdplfv lv lqwurgxfhg wkurxjk wkh ohdglqj idfwru
lqwhufhsw=

�iw @ �+vw, . �+O,�iw�4 . %w +9,

zkhuh �+vw, @ +�O+vw,> ===> 3,
3=

vw lv wkh xqrevhuyhg uhjlph yduldeoh1 Lq wkh wzr0uhjlph +h{sdqvlrq0uhfhvvlrq,
fdvh lw wdnhv wzr ydoxhv= 3 ru 41 Ghshqglqj rq wkh uhjlph/ wkh ohdglqj idfwru
lqwhufhsw dvvxphv gl�huhqw ydoxhv= orz lq uhfhvvlrqv dqg kljk lq h{sdqvlrqv1
Wkxv/ wkh frpprq idfwruv jurz idvwhu gxulqj wkh xsvzlqjv dqg vorzhu +ru hyhq
kdyh qhjdwlyh jurzwk udwh, gxulqj wkh grzqvzlqjv ri wkh hfrqrp|1

Wkh fkdqjhv lq wkh uhjlphv duh jryhuqhg e| wkh �uvw0rughu Pdunry fkdlq
surfhvv/ zklfk lv vxppdul}hg e| wkh wudqvlwlrq suredelolwlhv pdwul{=

vw�4 @ 3 vw�4 @ 4
vw @ 3 s44 4� s55
vw @ 4 4� s44 s55

zkhuh slm @ sure+vw @ mmvw�4 @ l,=
Wkh uhvw ri wkh htxdwlrqv ri wkh prgho uhpdlqv xqfkdqjhg1 Wkh vwdwh0vsdfh

uhsuhvhqwdwlrq ri wkh qrqolqhdu wzr0idfwru prgho pd| eh zulwwhq dv=

Phdvxuhphqw htxdwlrq=

�|w @ D�w +:,

Wudqvlwlrq htxdwlrq=

�w @ �+vw, . F�w�4 . yw +;,

zkhuh �+vw, @ +�O+vw,> ===> 3,
3=

Lw lv zruwkzkloh wr qrwlfh wkdw/ vlqfh lw lv wkh g|qdplfv ri wkh frpprq ohdg0
lqj idfwru zklfk lqfoxgh wkh vwdwh0ghshqghqw lqwhufhsw lq wkh fxuuhqw shulrg/ wkh
frqglwlrqdo uhjlph suredelolwlhv suhglfwlqj wkh rffxuuhqfh ri uhfhvvlrqv ru h{0
sdqvlrqv ri wkh frlqflghqw idfwru duh vlpso| wkh frqglwlrqdo uhjlph suredelolwlhv
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frpsxwhg iru wkh ohdglqj idfwru vkliwhg iruzdug iru � shulrgv1 Wkxv/ wkh frq0
glwlrqdo uhjlph suredelolwlhv hvwlpdwhg xvlqj wkh deryh prgho surylgh xv zlwk
wkh �0shulrgv dkhdg iruhfdvw ri wkh frlqflghqw idfwru uhjlphv1

Doo wkh rwkhu v|vwhp pdwulfhv duh dv lq wkh olqhdu prgho1 Wkxv/ zh kdyh d
prgho h{suhvvhg lq wkh vwdwh0vsdfh irup dqg kdylqj Pdunry0vzlwfklqj g|qdplfv1
Djdlq/ zh zloo qrw uhsurgxfh khuh doo wkh uhohydqw uhfxuvlrqv zklfk duh qhfhvvdu|
wr hvwlpdwh wkh sdudphwhuv dqg wkh xqrevhuyhg vwdwh yhfwru1 Rq wkh hvwlpdwlrq
ri wkh frpprq idfwru prghov zlwk Pdunry vzlwfklqj rqh fdq uhdg lq Nlp +4<<7,
ru Nlp dqg Qhovrq +4<<<,1

7 Duwl�fldo h{dpsohv
Iru wkh olqhdu fdvh zh kdyh jhqhudwhg wzr frpprq odwhqw idfwruv dqg �yh lqgl0
ylgxdo revhuydeoh vhulhv1 Wkh �uvw wzr revhuyhg wlph vhulhv duh ohdglqj/ zkloh
wkh wkuhh uhpdlqlqj duh wkh frlqflghqw1 Erwk wkh frpprq idfwruv +lq idfw/ wkhlu
�uvw gl�huhqfhv/ qrw ohyhov, dqg wkh lglrv|qfudwlf frpsrqhqwv duh prghoohg dv
wkh vwdwlrqdu| DU+4, surfhvvhv1 Wkh frlqflghqw idfwru lv srvlwlyho| d�hfwhg e|
wkh ohdglqj idfwru dw wkh odj � @ 61 Wkh wuxh sdudphwhuv ri wkh GJS duh suh0
vhqwhg lq wkh froxpq wzr ri wkh Wdeoh 4 ri wkh Dsshqgl{1 Wkh ohqjwk ri doo wkhvh
vhulhv lv 873 revhuydwlrqv/ zklfk lv frpsdudeoh wr wkh ohqjwk ri dq ruglqdu| Srvw
Zruog Zdu LL prqwko| wlph vhulhv iru wkh XV hfrqrp|1

Wr lghqwli| wkh prgho/ zh vhw wkh idfwru ordglqjv ri wkh �uvw revhuydeoh
yduldeoh lq hdfk vxevhw 0 ohdglqj dqg frlqflghqw 0 htxdo wr xqlw|1 Wkxv/ zh
hvwlpdwh rqo| wkuhh ri �yh idfwru ordglqjv= rqh iru wkh ohdglqj idfwru dqg wzr
iru wkh frlqflghqw idfwru1 Wkh prgho lv hvwlpdwhg e| wkh pd{lpxp olnholkrrg1
Wkh hvwlpdwhg sdudphwhuv wrjhwkhu zlwk wkh vwdqgdug huuruv dqg wkh s0ydoxhv
duh uhsurgxfhg lq wkh Wdeoh 41 Wkh phuh revhuydwlrq ri wkh wuxh dqg hvwlpdwhg
sdudphwhuv* ydoxhv vkrzv wkdw wkh odwwhu duh vx!flhqwo| forvh wr wkh iruphu
vxjjhvwlqj wkdw wkh sursrvhg prgho hvwlpdwhv wkh sdudphwhuv jhqhudwhg surfhvv
dffxudwho| hqrxjk1

Iljxuh 4 frpsduhv wkh wuxh dqg hvwlpdwhg ohdglqj dqg frlqflghqw idfwruv lq
ohyhov1 Wr rewdlq wkh wlph vhulhv lq ohyhov zh frqvhfxwlyho| vxp xs wkhlu �uvw
gl�huhqfhv vhwwlqj wkh �uvw revhuydwlrq htxdo wr }hur1 Iljxuh 4 glvsod| yhu| kljk
ghjuhh ri vlplodulw| ri wkh vlpxodwhg dqg hvwlpdwhg frpprq idfwruv/ hvshfldoo|
lq wkh fdvh ri wkh odwhqw ohdglqj idfwru1

Lq wkh fdvh ri wkh Pdunry0vzlwfklqj g|qdplfv wkh ohqjwk ri wkh vhulhv lv dovr
8731 Wkh �uvw wzr revhuydeoh wlph vhulhv duh ohdglqj/ phdqzkloh wkh odvw wkuhh
vhulhv duh frlqflghqw1 Wkh frlqflghqw idfwru lv djdlq fruuhodwhg wr wkh ohdglqj
idfwru zlwk d odj ri wkuhh shulrgv1 Wkh vdph lghqwli|lqj qrupdol}dwlrq 0 e|
vhwwlqj wkh idfwru ordglqjv ri wkh �uvw revhuyhg wlph vhulhv lq hdfk jurxs ri wkh
yduldeohv 0 lv xvhg1 Wkh sdudphwhuv ri wkh wuxh GJS duh suhvhqwhg lq wkh vhfrqg
froxpq ri Wdeoh 5 ri wkh Dsshqgl{1 Wkh hvwlpdwhv uhsolfdwh wkh wuxh sdudphwhuv
zlwk d vx!flhqwo| kljk ghjuhh ri suhflvlrq1

Wkh wuxh dqg hvwlpdwhg frpprq idfwruv duh vkrzq rq wkh Iljxuh 51 Djdlq/
dv lq wkh fdvh ri wkh olqhdu prgho/ wkh hvwlpdwhg frpprq idfwruv vhulhv duh yhu|
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vlplodu wr wkh vlpxodwhg frpprq idfwruv1
Iljxuh 6 glvsod|v wkh �owhuhg dqg vprrwkhg frqglwlrqdo suredelolwlhv ri wkh

hfrqrp| ehlqj lq wkh uhfhvvlrq/ wkdw lv/ lq wkh orz jurzwk udwh uhjlph1 Wkhvh
duh frpsduhg zlwk wkh wuxh orz uhjlph zklfk lv ghslfwhg lq wkh orzhu sdqhov ri
wkh �jxuh1 Rqhv fruuhvsrqg wr wkh grzqvzlqj lq wkh vlpxodwhg hfrqrp|/ zkloh
wkh }hurv vwdqg iru wkh xsvzlqjv1 Wkh hvwlpdwhg prgho fdswxuhv wkh uhfhvvlrq
gdwhv suhww| zhoo1 Krzhyhu/ wkh vprrwkhg uhfhvvlrq suredelolwlhv vrphwlphv
plvv wkh uhfhvvlrqv zkhq wkrvh kdyh d yhu| vkruw gxudwlrq1 Wkxv/ wkh vprrwkhg
suredelolwlhv wxuq rxw wr eh d pruh frqvhuydwlyh gdwlqj wrro wkdq wkh �owhuhg
suredelolwlhv1

8 Vxppdu|

Lq wklv sdshu zh kdyh lqwurgxfhg d frpprq g|qdplf idfwru prgho zlwk wzr
idfwruv= ohdglqj dqg frlqflghqw1 Hdfk ri wkhp uhsuhvhqwv wkh frpprq g|qdplfv
ri d fruuhvsrqglqj vxevhw ri wkh revhuyhg wlph vhulhv zklfk duh fodvvl�hg dv
ehlqj ohdglqj ru frlqflghqw zlwk uhvshfw wr vrph k|srwkhwlfdo �vwdwh ri wkh
hfrqrp|�1 Wkh frpprq ohdglqj idfwru Judqjhu0fdxvhv wkh frlqflghqw idfwru/
wkxv doorzlqj wr xvh wkh iruphu lq wkh suhglfwlrqv ri wkh ixwxuh ydoxhv ri wkh
odwwhu1 Wklv shuplwv wr lpsuryh wkh iruhfdvwlqj ri wkh frlqflghqw idfwru ehfdxvh
ri wkh dgglwlrqdo lqirupdwlrq frplqj iurp wkh ohdglqj yduldeohv1

Zh frqvlghu wzr prghov= d prgho zlwk wkh olqhdu g|qdplfv dqg d prgho zlwk
wkh uhjlph vzlwfklqj1 Wkh vhfrqg prgho doorzv wr wdnh fduh ri wkh dv|pphwulhv
zklfk pd| fkdudfwhul}h gl�huhqw skdvhv ri wkh exvlqhvv f|foh dqg wkhuhiruh lv
pruh frpsohwh iurp wkh vwdqgsrlqw ri wkh Exuqv dqg Plwfkhoo*v gh�qlwlrq ri wkh
exvlqhvv f|foh dv lqwhusuhwhg e| Glherog dqg Uxghexvfk +4<<9,1

Erwk prghov duh looxvwudwhg rq wzr duwl�fldo h{dpsohv/ zklfk vkrz d kljk
hqrxjk �wwlqj delolw| ri wkhvh prghov zkhq wkh| fruuhvsrqg wr wkh wuxh gdwd0
jhqhudwlqj surfhvv1

Uhihuhqfhv

^4` Fkdxyhw P1 +4<<;, �Dq Hfrqrphwulf Fkdudfwhul}dwlrq ri Exvlqhvv F|foh
G|qdplfv zlwk Idfwru Vwuxfwxuh dqg Uhjlph Vzlwfklqj� Lqwhuqdwlrqdo Hfr0
qrplf Uhylhz 6</ <9<0<91

^5` Fkdxyhw P1/ Srwwhu V1 +5333, �Frlqflghqw dqg Ohdglqj Lqglfdwruv ri wkh
Vwrfn Pdunhw� Mrxuqdo ri Hpslulfdo Ilqdqfh :/ ;:04441

^6` Glherog I1[1/ Uxghexvfk J1G1 +4<<9, �Phdvxulqj Exvlqhvv F|fohv= D Prg0
huq Shuvshfwlyh� Wkh Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv :;/ 9:0::1

^7` Kdplowrq M1G1 +4<<7, Wlph Vhulhv Dqdo|vlv1 Qhz Mhuvh|= Sulqfhwrq Xqlyhu0
vlw| Suhvv1

9



^8` Nlp F10M1 +4<<7, �G|qdplf Olqhdu Prghov zlwk Pdunry0Vzlwfklqj� Mrxuqdo
ri Hfrqrphwulfv 93/ 40551

^9` Nlp F10M1/ Qhovrq F1U1 +4<<<, Vwdwh0Vsdfh Prghov zlwk Uhjlph Vzlwfklqj=
Fodvvlfdo dqg Jleev0Vdpsolqj Dssurdfkhv zlwk Dssolfdwlrqv1 Fdpeulgjh=
PLW Suhvv1

^:` Nlp P10M1/ \rr M10V1 +4<<8, �Qhz Lqgh{ ri Frlqflghqw Lqglfdwruv= D Pxo0
wlyduldwh Pdunry Vzlwfklqj Idfwru Prgho Dssurdfk� Mrxuqdo ri Prqhwdu|
Hfrqrplfv 69/ 93:0631

^;` Vwrfn M1K1/ Zdwvrq P1Z1 +4<;;, �D Suredelolw| Prgho ri wkh Frlqflghqw
Hfrqrplf Lqglfdwruv�/ QEHU zrunlqj sdshu 5::51

:



9 Dsshqgl{

Wdeoh 41 Wuxh dqg hvwlpdwhg sdudphwhuv ri wkh olqhdu wzr0idfwru prgho
Sdudphwhu Wuxh Hvwlpdwhg Vw1 huuru s0ydoxh

�4 4 0 0 0
�5 31< 31<4 3136 313
�6 4 0 0 0
�7 5 41<< 3136 313
�8 41: 41:3 3135 313
!O 31; 31;3 3136 313
!F 31: 319; 3135 313

!FO>6 318 3186 3137 313
#4 0316 03163 3139 313
#5 031: 0319: 3137 313
#6 0318 03187 3137 313
#7 0315 0314< 3139 313
#8 031; 031:: 3136 313
�54 3158 3157 3135 313
�55 3169 316; 3136 313
�56 3149 3149 3134 313
�57 317< 3183 3138 313
�58 31;4 31:< 3139 313
�5O 3158 3159 3136 313
�5F 3169 3164 3136 313

;



Wdeoh 51 Wuxh dqg hvwlpdwhg sdudphwhuv ri wkh qrqolqhdu wzr0idfwru prgho
Sdudphwhu Wuxh Hvwlpdwhg Vw1 huuru s0ydoxh

s44 31<8 31<7 3134 313
s55 31;: 31;5 3137 313
�O4 317 3174 3136 313
�O5 0319 03199 3138 313
�4 4 0 0 0
�5 31< 31<3 3134 313
�6 4 0 0 0
�7 5 5134 3134 313
�8 41: 41:3 3134 313
!O 31; 31:< 3135 313
!F 31: 31:8 3135 313

!FO>6 318 3176 3135 313
#4 0316 03168 3138 313
#5 031: 0319: 3137 313
#6 0318 03183 3138 313
#7 0315 03163 3139 313
#8 031; 031:< 3136 313
�54 3158 3157 3135 313
�55 3169 3169 3136 313
�56 3149 314: 3134 313
�57 317< 3177 3137 313
�58 31;4 31;7 3139 313
�5O 3149 3148 3135 313
�5F 3169 3167 3136 313

<



Linear model

Common leading factor
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Iljxuh 4= Wuxh dqg hvwlpdwhg frpprq idfwruv
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Nonlinear model

Common leading factor
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Iljxuh 5= Wuxh dqg hvwlpdwhg frpprq idfwruv
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Nonlinear model
Filtered recession probabilities
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Smoothed recession probabilities
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Iljxuh 6= Wuxh orz uhjlph yv1 �owhuhg dqg vprrwkhg uhfhvvlrq suredelolwlhv
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